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ABSTRACT' 

Measurements at 1.2, 1.6 and 2.2 (im have been combined with 

. . . . . » . I 

visual spectrophotometry of 21 quasars having redshifts z 2.66. 
The primary result of this study is that the rest frame 
visual/ultraviolet continua of the high redshift quasars are well 
described by a sum of a power law continuiam with slope -0.4 and 
a 3000 k bump. The rest frame visual/ultraviolet continua of these 
quasars are quite similar to that of 3C273, the archetype of low 
redshift quasars. There does not appear to be any 
visual /ultraviolet properties distinguishing high redshift quaseirs 
selected via visual or radio techniques. 
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INTRODUCTION 


Understanding of the emission mechanisms and underlying energy sources 
of the visual and ultraviolet continuum in quasars has long been an important 
goal of quasar observations. The discovery of a significant number of 
moderately bright high redshift quasars lallows a detailed study of the rest frame 
ultraviolet and visual continuum to be done by observing these objects at visual 
and near-infrared •wavelengths, In this paper we report the results of such a 
study for 21 quasars having redshifts z ^ 2.66. 

THESAHPLE 

The objects included in this study were all selected to be moderately bright 
(m„ < 20 mag) quasars with redshifts sufficiently large to bring the Lyman con- 
tinuum discontinuity into the visual ■wavelength range. The objects are listed in 
Table 1, A discussion of the results of the study of the Lyman discontinuity in 
this sample is found in Oke and Korycansky (1902). 

Fourteen objects in the present sample were discovered originally in radio 
surveys. The remaining 7 were discovered in 'visual surveys: five of these were 
disco'vered in the University of Michigan objective prism survey (MacAlpine and 
Le'wis 1978, MacAlpine, Smith and Lewis 1977). Positions and redshifts for all the 
objects in this study "with the exception of 1320-10 (POX 175; Kunth, Sargent, and 
Kowal 1981) are found in the catalog of Hewitt and Burbidge (1980). It is clear 
that the sample observed is not homogeneous; neither the radio nor visually 
selected samples obey well defined selection criteria. 


OBSERVATIONS 
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All the new observations reported here were obtained on the Hale 5.0B m 
telescope at Palomar Mountain. The visual observations at observed wavelengths 
between 3200 A and 10000 A, (rest wavelengths between ~ 600 A and 2500 A) 
were obtained with the multichannel spectrometer with band passes of 60 A 
below 5600 A and 160 A above 5600 A. These data were reported in Oke and 
Korycansky (1982). In the case of PKS 0528-253, multichannel observations were 
not available, and published observations (Smith, et al. 1979) were used in the 
visual range. The infrared observationji in the 1.25 pm, 1,65 pm, and 2.2 /zm pho- 
tometric baxids were obtained with a solid nitrogen cooled InSb detector. The 
diameter of the focal plane aperture for all the infrared observations was 5". 

The continuum flux densities in the three infrared bands (1.25 pm, 1.65 /nn 
£ind 2,2 pm) are given in Table 1 for each quasar; at a mean redshift of 3 these 
correspond to rest frame wavelengths of ~ 0.31 pm, ~ 0.41 pm and ~ 0.55 pm. 
The observations have been corrected for emission lines in the photometric 
bands as discussed below and the magnitudes of these corrections are given in 
Table 2. The flux density at a rest wavelength of 0.174 pm obtained from the 
multichannel observations is also included in Table 1. In several cases infrared 
and visual photometry were obtained on several nights for the same object. 
Except as noted below, the observations agreed within their statisticed uncer- 
tainties for the objects where multiple observations were obtained, and the flux 
densities reported represent the average of all observations, weighted by their 
uncertainties. 

In two cases, 0758+12, and 2351-154, the infrared photometry at one or 
more wavelengths suggests significant variability; in both cases there is evidence 
for color changes as well. The dates of observations and observed magnitudes at 
1.2, 1.6, and 2.2 pm of 0758+12 and 2351-154 are given in Table 3. For 0758+12 


-3- 

the data at 2.2 fmi indicate variability at the 99% confidence level, while the data 
at other wavelengths do not show evidence for such variability. For 2351-154 the 
data at all three wavelengths show strong evidence for variability, with a total 
variation of 1.5 mag at 2.2 /zm. Indeed it is clear that this quasar varied by ~ 
30% over the one month period of 1981 October/November. In this case there is 
marginal evidence for a color change with the variation, the [1.6 /zm] - [2.8 /mi] 
color changing by 0.4 db 0.2 mag between 80 July and 81 November. 

The infrai'ed continuum observations are affected to some extent by inclu- 
sion of strong emission lines in the bandpasses of the observations. The strong- 
est lines in the spectra of quasars that effect the the continuum fluxes are Ha, 
H/?, [0 m] XX 4959, 5007, and Mg II XX 2800. lines weaker than these have small 
enough equivalent widths to make a negligible individual contribution to the 
measured continuum level, Of course the sum of weak lines may serve to raise 
the overall continuum level by a significant amount, but no correction was made 
for this effect. 

For the Ha, H/J, and [0 III] lines, corrections were applied to the observed 
flux densities assuming the rest frame equivalent width of each line was equal to 
the average rest frame equivalent width observed in lower redshift quasars- (Neu- 
gebauer, et aZ. 1979, henceforth NOBM, Soifer et al. 1981, and Puetter, efc o£. 
1981). The work of Soifer et al. and Puetter, et al, suggests no strong depen- 
dence of hydrogen line strengths on redshift (and hence luminosity). No lumi- 
nosity dependence has been reported for the strength of [0 III], For Ha, H/3, and 
[0 lU] the rest frame equivalent widths were taken to be 300, 100, and 50 A 
respectively. For Ha and Bfl the line width was assumed to be 10000 km/sec 
(full width at zero intensity), while the [0 III] lines were assumed to be quite nar- 
rovf. A correction was made for contributions of the Mg II line In the 1.2 /z m flux 
density for quasars having redshifts z > 3,1. The maximum correction to the 
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continuum flux for those* quasars affected by the line is expected to be < 10%. 
This correction is made uncertain by the possible luminosity dependence of the 
equivalent, -width of Mg II noted by Baldwin et al, (1978). Because of this, a 
correction was applied only for two quasars, whose rest frame Mg II AX 2800 
equivalent width is predicted, on the basis of results of Bald"ivln, et al., to be 30 

A. 

No attempt has been made to estimate an uncertainty associated mth the 
corrections in Table 2 since the corrections were made for an average quasar 
emission line spectrum, and there is significant variation within the quasars. 
Continuum fiux densities for wavelengths longer than La from the multichannel 
spectrophotometry and infrared photometry corrected for emission line contri- 
butions are sSo-wn in Figure 1. "Where variability is suggested, the energy distri- 
button plotted in Figure 1 is that at a single epoch, with the visual and infrared 
data separated by the minimum time available. For comparison, the energy dis- 
tribution of 3C273 (Boggess, et al. 1979) over the same rest frame wavelength 
range is also shown 

DISCUSSION 

The quasars observed represent roughly half of those known with redshifts z 
2.66; thus the results obtained here are probably representative of high red- 
shift quasars as a whole. The high redshift nature of the sample means the qua- 
sars in the sample -will be of intrinsically high luminosity. Indeed, the two 
highest luminosity objects in this sample, 0100 + 130 (PHL 957) and PKS 2126- 
158, are among the most luminous quasars known. Table 4 contains estimates of 
the luminosity at rest frame wavelengths of 0.17 jim and 0.41 /xm. Figure 8 
shows histograms of distributions of the luminosities of the present sample. The 
range in luminosities includes 2.1 < Lu < 34 x 10*^ Lj> at ultraviolet wavelengths 
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(0.17 fim) and 1.2 < Lo < 21 x 10^2 1© at visual wavelengths (0.41 ^m). In each 
case the luminosity was approximated by the product where is the 

emitted power density at the rest frequency i/q- In this discussion, the 
wavelengths referred to .are, unless otherwise specified, quasar rest freutne 
wavelengths, and the continuum spectral indices and luminosities have been cal- 
culated using .the fiux densities corrected for line emission, as previously 
described. In estimating these luminosities Ho was taken to be 50 km sec“^ 
Mpc“^ with q, taken to be *+l; these values were taken for ease of comparison 
with the results of NOBM. 

The observed range in luminosities overlaps the more luminous half of the 
quasar sample studied by NOBM. The histograms of luminosities ( Figure 2) 
show, however,^ that many of the quasars in this sample are comparable to or 
less luminous .than 3C273, so the sample studied is not exclusively ultra high 
l umino sit^r objects. The visually and radio selected quasars span the same range 
of ultraviolet luminosities; this shows that the limiting magnitudes for the visual 
searches and radio identification programs are quite similar. 

FinaEy, Figure 2 shows the histogram of the ratio Lfr/Lj?, i.e., the ratio of 
Ijrj, the luminosity at 0.17 ^m, to Lo, the luminosity at 0.41 fim. The mean.value 
of this ratio is 1,6, .and in no case is the ratio less than 1.1. Thus, this sample of 
quasars is indeed a sample of ultraviolet bright quasars i.e., quasars which are 
more luminous at ultraviolet wavelengths than at other observed wavelengths. 
NOBM have shown that in many low redshift quasars there is a peak in the power 
emitted aroxmd 3 fjxa. It would thus be interesting to study the rest frame 
infrared properties of the current sample of high redshift quasars to see if a 
similar peak -occurs in these quasars. Unfortunately, current instrumental sen- 
sitivities preclude a significant program of such observations. 
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The continuupi shapes displayed in Figvire 1 sho-vv a wide variety of behavior 
that is rarely characterizable by a simple power law. Many show a maximum in. 
the continuum between 0.3 and 0.4 ^m and have a general convex energy distri- 
bution with the slope steepening with increasing frequency. The variety in the 
observed continua is quite similar to that fovind by NOBM in the sample of low 
redshift quasars. 

We have attempted to fit the continuum flux densities as the sum of a power 
law, fi, a i/*, “bump" centered at 0.31 /im "which represents the 3000A excess that 
has" been previously studied by several authors (e.g„ Bald^vin 1975, Grand! and 
Phillips 1980, NOBM, Puetter et al. 1982, and Grand! 1982). For this fitting, the 
multichannel continuum fiux densities at rest frequencies corresponding to log 
pQ - 15.17, 15_.24, 15.31, and 15.35, and the infrared observations corrected for 
the presence of the strongest emission lines were used: the multichannel fre- 
quencies were chosen so the continua were free of emission lines. The adopted 
shape of the 3000A bump was derived from the continuum energy distribution of 
3C273 as reported by Boggess et al. (1979) by assuming the "bump" was the 
excess flux over the power law fitted between 5586A and 1600A. The amplitude 
of the 3000A excess is described by the ratio of fg. the flux density of the bump, 
at its peak wavelength 0.31 /im, to fc, the flux density of the power law com- 
ponent at the same wavelength This "3000A bump" is clearly the sum of com- 
ponents that have been studied in detail by several authors (e.g., Grandi, 1982; 
Puetter et al., 1982 and Oke, Shields and Korycansky 1982). The adopted shape 
agrees well "vvith that found by Oke et al, (1982). The best fit parameters of ayo 
and of fg/fc are given in Table 4 and histograms of their distributions are given 
in Figure 3. The uncertainties in the model parameters are roughly ± 0.05 in 
ttuo. and ± 0.1 in fB/fc- 
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Eighteen quasars have enough observations to be fitted. For these as a 
group, the power law plus bump gave a vastly superior fit than the fit with a 
power law only. For 15 quasars, the model gave statistically satisfactory fits to 
the observations. For 2126-15B, 0805+046 .and 0758+12 no simple model gave a 
satisfactory fit to the observations. In the two cases where the model formally 
resulted in negative amplitudes for the bump, the bump amplitudes were con- 
sistent within the uncertainties with zero .amplitude. The success of the simple 
model suggests that at the resolution of these observations a more complex 
spectral structure is not required to describe the visual/ultraviolet contlnua of 
these quasars. 

The mean spectral index from "visual through ultraviolet wavelengths of thig 

sample of high redshift quasars is -0.37 d= 0.05. This mean spectral index is in 
■» 

good agreement with the spectral index a= -0.5 i 0.1 found by Riehstone and 
Schmidt (1980) for a large sample -of quasars with a large range of redshifts. The 
mean bump to continuum ratio ffl/Ic is 0-30 with a dispersion of 0.20. 

IVom the data of Boggess etM., the spectral index Ouo of 3C273 is -0.54 ^ 
0.05 and the bump to continuum ratio of f^/fc is 0.7 ± 0,1, The spectral index of 
3C273 is well within the range of «uo found for the high redshift quasars, while 
the strength of the bump in 3C273 is -somewhat greater them the mean bump 
amplitude though within the range found for the high redshift sample. The suc- 
cess of the model fits, using the bump excess defined from the 3C273 data, eind 
the fac>- that the range of pareuneters derived from the high redshift samples 
encompasses 3C273 argues that at -this resolution the ultraviolet/visual continue 
of the high redshift quasars are similar to that of 3C273, and by inference to the 
continua of other low redshift quasars, since 3C273 is archetypical of this class 
of objects. 
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Oke and Korycansky (1982) have defined a spectral index «uv between 2000 
and 12UC/A. from the observations of many of the quasars of this sample. They 
find a mean value auv ~ "0.49 ± 0.04. There is thus a suggestion of a steepening 
of the power law continuum at shorter wavelengths. This marginal steepening is 
significantly less than that derived by Cheney and Rowan-Robinson (198,1) from 
an analysis of the Hewitt Burbidge catalog (1980). 

A search was made for correlations between the various parameters of the 
model fit. None was found. In particular, as shovm in Figure 3, there is no corre- 
lation between the power law slope and the strength of the bump. It is also seen 
in Figure 3 that there is no obvious correlation of bump excess with luminosity 
although Malkan and Sargent (1982) have suggested that the strength of the 
300oA bump is correlated with lurninosity for quasars and other active galactic 
nuclei. 

Eleven of the quasars observed in the present sample have been observed 
with the Einstein Observatory at X-ray wavelengths by Zamarani, et al. (1981) 
and Ku, s£ al, (1981); five of these, all radio selected quasars, were detected at 
X-ray wavelengths. For the latter sample of 5 quasars, there is no correlation 
between auo and aox. the visual X-ray spectral index. The mean txox of these five 
quasars is -1.31, while the mean olxjq of the same quasars is -0.35. Clearly, a 
significant steepening of the quasar spectra must occur at wavelength shortward 
of the observed ultraviolet wavelengths. For two cases where high resolution 
spectra are available, Oke eind Korycansky (1982) showed that the steepening 
did not begin at least until the Lyman jump was reached. lUE observations of 
the high redshift quasar Q 2204-408 by Wilson, iCarnochan, and Gondhalekar 
(1979) give a spectral index between ISOOA and 400A of -1.5 which suggests a 
steepening slope below 900A. Observations of PG 1115+080 with lUE by Green et 
al. (1980) show a similar eflfect. 
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There is no evidence in these observations for different continuum proper- 
ties among the radio and visualiy selected quasars in the sample. This is illus- 
trated by the histograms of Figure 3, which show that both radio and visually 
selected quasars span the full range of spectral index, «uo. and of the bump to 
continuum ratio f^ /f^. Thus, to the level at which the visual identification of the 
radio sample did not introduce a bias in the visual properties of the radio sam- 
ple, no differences exist in the continuum properties at ultraviolet/visual 
wavelengths between the radio and visually selected quasars observed here. 

SUMHART 

A photometric/spectrophotometric study of 21 high redshift quasars in the 
observed wavelength range 0.3 - 2.2 iim (rest wavelength range ~ 800 - 5500 A) 
has led to the follovrtng conclusions: , 

1) The visual/ ultraviolet continuum distributions of the high redshift qua- 
sars are fit adequately by a sum of a power law continuum and a SOOOA "bump" 

A ■ 

excess similar in shape to that found in 3C273. 

2) Overall, the high redshift quasars in this sample have very similar rest- 
frame visual/ultraviolet continuum properties which are similar to those of the 
archetypiced quasar 3C273. 

3) There is no correlation apparent between the visual /ultraviolet spectral 
index and the visual/X-ray spectral index for the five high redshift quasars 
detected at X-ray wavelengths. 

4) The visual/ultraviolet continuum properties of tlus sample of quasars 
show no correlations with selection technique (i.e, radio vs visual selection). 
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TABLE 2 

Corrections to Observed Flux Densities for Emission Lines 


Obj ect 

1.25 

wavelength (pm) 
1.65 

2,2 




Correction* 



0100+13 

— 

0.04 

0.06 

(1) 

0143-015 

— 

— 

0.03 

(2) 

0143-010 

0.02 

— 

0.04 

(2) 

0528-25 


0.01 



0642+449 

— 

— 

0.07 

(2) 

0758+12 

— 

0.05 

0.12 

(1) 

0938+119 

0.02 

— 

0.05 

(2) 

1004+14 

— 

0.03 

0.07 

(n 

1320-10 

— 

— 

0.03 

(2) 

1402+044 

— 


0.05 

(2) 

1442+101 

— 

— 

0.07 

(2) 

2126-158 

— 

— 

0.01 

(2) 

2256+017 

— 

0.06 

0.12 

(1) 

2351-154 

— 

0.05 

0.12 

(1) 


*Corrections are log [observed]/ [corrected]} 
^corrected for Ha in bandpass 

^corrected for + [0 III] 4959, 5007 in bandpass 
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TABLE 3 

Photometry of Suspected Variable Quasars 


Object 

Date ‘ 

[L. 2 ym] 

[1.6 ym] 

[2,2 yml 

0758112 

02/80 

>17.44 

17.4910.18 

17.2610.15 


10/81 

17.7710. 11 

17.3410.10 

16. 6610. 14 


11/81 

17.7710.12 

17.5310,14 

16.7910.19 


- • , 



9.0 


2351-154 

07/80 

>16.88 

16.4010.17 

15. 8410 „ 13 


10/81 

16.2510.07 

15.5910.06 

14.6710.08 


11/81 

16.1210.08 

15.2810.07 

14.3410.08 


Derived Properties of High Redshlft Quasars 
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Figure Captions 


Figure 1. 

The flux densities for high redshift quasars plotted vs rest frequency for 
each object, The infrared observations are corrected, where necessary, for the 
' presence of the emission lines noted at the top of the figure. Included for com- 
parison is the continuum energy distribution of 3C273. The line through the 
data for each quasars is the best fi.t model of a "3000A bump" and power law 
continnum as described in the text. 

Figure 2. 

Histograms of the luminosites and the ratio of luminosities of the sample of 
quasars at ultraviolet and visual wavelengths. The visually and radio selected 
quasars are indicated separately, as is the median of the entire sample. The 
value of the appropriate quantitity for 3C273 is also shown in the plots. 

Figure 3. 

The histograms of auo.the spectral index and of fs/fc. the ratio of the- bump 
flux density to the power law continuum flux density at 0.31 /i,m for the high red- 
shift quasars. ‘The radio and visually selected quasars are indicated separately, 
and the values of these quantities for the median of the entire sample and for 
3C273 are shown in the figure. Also plotted are the ratio ffl/fc vs spectral index 
ttuo vs Vq the luminosity at 0,55 /im for the observed quasars. The 

radio and visually selected quasars are in,dicated by separate symbols, as is 
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3C273. 
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